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Optical analysis of (0.2mol %) Pr¥*&Tm®" ions doped fluoro-phospho-borate glasses have been reported in the following
glass compositions: 69.8 B,O3z — 10 P.Os — 10(ZnO/CdO/TeO2) — 10 AlF3 /10LiF Measured absorption spectra of Pré":
fluoro-phospho-borate glasses have shown eight absorption bands at 443, 469, 481, 589 , 1008, 1419, 1523 and 1930 nm
which correspond to the transitions *Hs >°P2, *P4, °Po, "D, 1G4 *F4, °F3 and °F2 respectively. Absorption spectra of Tm®":
glasses have revealed five absorption bands at 466, 685, 790, 1206 and 1644 nm which belong to the transitions *He> "Gy,
Fs, *Ha, °Hs and °F4 respectively. Pr*: glasses, with an excitation at 442nm (3H4 93P2), a orange—red emission at 600 nm
(‘D> 3H4g has been observed. In the case of Tm**: glasses, upon excitation with 355nm (*Hs=> 'D2), blue emissions at 452
nm ('D2>°F4) and at 476 nm ('G4>>Hs) are observed. From the measured NIR emission spectra of Pr**: fluoro-phospho-
borate glasses, an NIR emission at 1354nm ('G4>>Hs) and form Tm>*: glasses, an NIR emission (*F4>°Hs) at 1809 nm are
observed with an Ar* laser (514.5 nm) as the excitation source.
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1. Introduction

Glasses are attractive materials for different
applications, based on their physical, electrical and optical
properties [1-15]. Optical systems based on phosphates
and fluorides have been identified as good glassy materials
due to their good glass forming ability, hardness,
transparency and resistance towards the moisture and with
an extended IR transmission ability. Several systems with
B,0; have been studied because they are interesting non
linear optical materials [16-21]. In order to improve the
glass quality and its optical performance from the fluoro-
phospho-borate glasses, oxides such ZnO, CdO and TeO,
have been added separately along side two other property
improving network modifiers (NWM) namely LiF/AlF;.
Rare earth ions are incorporated into these boro-fluoro-
phosphate glasses in order to characterize their optical
properties. From the literature, it has been noticed that Pr’*
and Tm’" doped glassy materials have attracted a great
deal of attention due to their applications in optical
communication [22-38]. Thulium glasses have also been
of great importance due to their uses as lasers and fiber
optic amplifiers [39 - 46]. We have recently reported on
the physical properties and XRD, FT-IR, DTA features of
boro-fluoro-phosphate reference glasses [45] we have
recently analyzed the spectral properties of Eu’ &Tb*"
ions doped in borophosphate oxyfluoride glasses [46]. In
the present work, we report on the spectral properties of
Pr’" and Tm*" ions doped fluoro-phospho-borate glasses.

2. Experimental procedure
2.1 Glasses Preparation

Two new series of (0.2mol %) Pr’* & Tm®"ions doped
fluoro-phospho —borate optical glasses systems have been
prepared by adopting the quenching technique and their
chemical compositions (mol%) are given below:

Series A : 69.8 B,O; — 10 P,Os5 —
10(ZnO/CdO/Te0,) — 10 AlF,

Series B: 69.8 B,O; — 10 P,Os5 —
10(ZnO/CdO/TeO,) — 10 LiF

The chemicals used in the present work were reagent
grade of H;BOs;, (NaPOs)s , Pr,0O;, Tm,05; ZnO, CdO,
AlF; and LiF. Appropriate amounts of chemicals were
weighed and powdered finely, in an agate mortar. Each
batch was weighing about 10 g, those were melt at 950°C
in an electrical furnace for an hour. These melts were
quenched in between two brass plates for obtaining 2-3cm
diameter glass discs with 0.3cm in thickness. Glasses thus
obtained were annealed at 200°C for an hour to remove
thermal strains.

2.2 Measurements

The Vis-NIR absorption spectra of Pr’* &Tm’" :
fluoro-phospho-borate glasses were measured on a Varian-
Cary-Win Spectrometer (JASCO V-570) . Both the
excitation and visible emission spectra of Pr’" and Tm®"
glasses were measured on a SPEX Fluorolog -2
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Fluorimeter (Model II) with a Datamax software to acquire
the data with a Xe-arc lamp (150W) as the excitation
source.

NIR photoluminescence spectra of the Pr'* & Tm®":
glasses were also measured on a Horiba Triax-550 grating
monochromator (JOBIN YVONHORIBA) equipped with
a liquid nitrogen cooled InGaAs photo detector (Electro-
Optical System —Inc) in the wavelength range of 800-2400
nm and a lock-in-amplifier (SR 830 DSP, Standard
Research Systems) with an Ar’ laser (514.5nm) (LEXEL
MODEL 85 ION LASER, SmW-200mW) as the excitation
source.

3. Results and discussions

3.1. Pr’*:Fluoro-phospho-borate glasses

All the glasses have revealed amorphous nature
(Figs. la&1b).

Fig.la. XRD profile of Pr**: Fluoro-phospho- borate glasses
(Series-A)
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Fig.1b. XRD profile of Pr**: Fluoro-phospho- borate glasses
(Series-B).

Vis-NIR optical absorption spectra of Pr’: fluoro-
phospho-borate in the spectral range (400-2200nm) are
shown in Figs. 2a&?2b, for a comparison.
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Fig. 2a. Visible absorption spectra of Pr’*: Fluoro-phospho-
borate glasses
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Fig.2b. NIR absorption spectra of Pr’*: Fluoro-
phospho- borate glasses

All samples have revealed eight absorption bands at
1930 nm (CH; 2°F,), 1523 nm (CH, ©°F;), 1419 nm (CH,
>3F,), 1008nm (CH; 2'Gy), 589 nm (*H, >'D,), 481 nm
(Hy ©°Py), 469nm (*H, >°P) and 443 nm (CH, >°P,).
Bands have been assigned to electronic transitions based
on the earlier reports on Pr’* ion in other optical systems
[47, 48]. It is clear from the Figs.la&1b that, the overall
appearance of the spectra of Pr’” ion in (both the series of
A & B) in all six glasses are similar from one to another
but the band relative intensities are changing.

The excitation spectrum of Pr’": lithium-tellurium
glass (Fig.3) shows two excitation bands (*Hy 93P2,0) at
442 and 466nm respectively and emission spectra (Fig.4)
of Pr*: glasses show that the emission (lDz >3 H,) at 600
nm shows a orange-red emission.
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Fig.6 shows the NIR emission spectra of Pr’*: fluoro-
>, Koy = 600 nm phospho-borate (both the series of A & B) with an NIR
S000000 - 442 nm emission (‘G4 >°Hs) at 1355nm upon excitation with an
Ar" laser (514.5 nm). The shapes and widths are similar to
those observed earlier for thel355nm emission of Pr’'in
other fluoride glasses like ZBLAN [49] and AlF; - fluoride
glasses [50], fluorogallate and fluoro-gallo-indate glasses
[51].
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Fig.3. Excitation spectra of Pr’*: Boro-fluoro- phosphate
glasses
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Fig. 6. NIR Emission spectra of Pr’*: Fluoro-phospho-
borate glasses
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3.2 Tm’": Fluoro-phospho-borate glasses
Fig. 4. Visible emission spectrum of Pr** - Fluoro-phospho-

borate glasses. The Vis-NIR optical absorption spectra of Tm’':

fluoro-phospho-borate in the spectral range (400-1800nm)
are shown in Figs. 7a & 7b for a comparison.

Fig.5 presents the decay curves of the orange-red
emission ('Dz 93H4) at 600 nm of Pr*": glasses along with
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Fig. 5. Decay curves of the orange-red emission

transition (600 nm) of Pr**: Fluoro — phosphor - borate Fig.7a. Visible absorption spectra of Tm’": Fluoro-phospho-
glasses with excitation at 442nm borate glasses.
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Fig.7b. NIR absorption spectra of Tm**: Fluoro-phospho-
borate glasses

All samples have revealed five absorption bands at
1644nm (*Hg >°F,), 1206nm (*Hs >°Hs), 790 nm (‘Hg
>H,), 685nm (CHg¢ >°F;) and 466 nm (‘Hg >'Gy).
Assignments to these bands have been made by following
the previously reported results on Tm’"  ion in other
systems [52-54].

The excitation spectrum of Tm’": lithium-tellurium
glasses (Fig.8) shows an excitation band (Hs 2'D,) at
355nm,with which emission spectra of Tm’": fluoro-
phospho-borate (Fig.9) are measured and from which two
emission bands ('D, >°F,) at 452nm and ('G4>’H,) at
466nm are observed.
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Fig.8: Excitation spectrum of Tm’": Fluoro-phospho- borate
glasses
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Fig.9: Visible emission spectra of Tm’": Fluoro-phospho-borate
glasses

Fig.10 presents the decay curves of the blue emission
('D, >°F,) at 452nm  of Tm®": fluoro-phospho-borate (Li
orAl ) with excitation at 355nm CHg 2>'D,) .
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Fig.10. Decay curves of the blue emission transition of
(452nm) of Tm**: Fluoro-phospho- borate glasses with
excitation at 355 nm

Fig. 11. shows the NIR emission spectra of Tm’":
fluoro-phospho-borate (both the series of glasses) with an
emission band (°F, > Hj) at 1809 nm upon excitation with
an Ar' laser (514.5 nm). The shapes and widths are similar
to those observed for the 1809 nm emission of Tm®'in
other oxyfluoride glass ceramics [55], lead fluoride-
tellurite glasses [52] and lead niobium germanate glasses
[56].
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Fig.11. NIR Emission spectra of Tm**: Fluoro-phospho-
borate glasses.

4. Conclusions

In summary, it could be concluded that we have
successfully developed highly transparent, moisture
resistant and more stable Pr’" & Tm®'ions doped fluoro-
phospho-borate glasses. Optical analyses of these glasses
have been carried out based on the measurement of their
absorption, excitation and emission spectra in the visible
and NIR region. Apart from analyzing their optical
properties, we could also notice a bright orange-red
emission (Pr’* glasses) and a bright blue emission (Tm®"
glasses) under an UV source. Decay curves of the visible
emissions have been plotted to measure lifetimes. From
the measured NIR emission spectra of Pr’" and Tm’
doped fluoro-phospho-borate glasses, the NIR emission at
1355 nm of Pr’* glasses and NIR emission at 1809 nm of
Tm*'glasses have been observed. Both the series-A&B
glasses, with TeO, have demonstrated encouraging
emission and absorption spectral results. Thus, we could
suggest that 69.8 B,05- 10 P,Os - 10TeO,- 10 AlF; of
Series-A and 69.8 B,0; - 10 P,Os5 -10TeO, - 10 LiF of
Series-B, as two novel optical glasses with as the
luminescent ions Pr’* and Tm®" based on NIR emission
performance at 1355 nm (Pr’") and 1809nm (Tm’") and
also based on their visible emission performance for their
use in development of solid state lasers and fiber optical
amplifiers.
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